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Supplementary Figure 1 
Diverse anorexigenic signals induce c-Fos expression in CEl PKC-δ+ neurons 
a-c. Quantification of CEl c-Fos expression in mice intraperitoneal injected with anorexigenic drugs (a), 24 h fasted with or without 3 hr
re-feeding (b), or orally infused with water, quinine or sucrose solution (c). Note: some sections of mice injected with saline (a, right), 
and mice with oral infusion of water or sucrose (c, right) contained no c-Fos+ cells in CEl; in those cases the values for PKC-δ+/Fos+
were assigned as 0. Box plots in (b) show mean (+), median, quartiles (boxes), and range (whiskers). Values in (a) and (c) are means ± 
s.e.m.. For (a), n = 6 (saline), 7 (CCK), 7 (LiCl), 8 (LPS) brain sections from 4 animals in each condition. One-way ANOVA (left, F(3, 24) 
= 29.1, p < 0.0001; right, F(3, 24) = 39.8, p < 0.0001) with post-hoc Bonferroni t-test. For (b), n = 15 brain sections from 4 animals (24 h 
fasted) and 17 brain sections from 5 animals (re-fed). Unpaired t-test (left, t (30) = 7.88, p < 0.0001; right, t (30) = 3.95, p = 0.0004). For
(c), n = 12 (water), 15 (quinine), 12 (sucrose) sections from 3 animals in each condition. One-way ANOVA (left, F(2, 36) = 34.1, p < 
0.0001; right, F(2, 36) = 6.97, p = 0.0028) with post-hoc Bonferroni t-test. * p<0.05, ** p < 0.01, *** p < 0.001. 
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Supplementary Figure 2 
CEl c-Fos analysis after silencing CEl PKC-δ+ neurons in response to CCK, LiCl or LPS 
a. Expression of c-Fos (antibody staining) and PKC-δ (indicated by Cre-dependent virus expression of fluorescent proteins) after 
injecting CCK, LiCl or LPS. Experimental procedure is shown on the top. The insets show the enlarged boxed areas. b-d. Quantification 
of c-Fos and PKC-δ+ neurons in each CEl section from mice injected with CCK (b), LiCl (c), or LPS (d). n = 4 animals in each group.
Values are means ± s.e.m.; Unpaired t-test. t(6) = 1.2, p = 0.28 (b, total Fos); t(6) = 8.6, p < 0.0001 (b, in PKC-δ+); t(6) = 5.9, p = 
0.0011 (b, in PKC-δ–); t(6) = 6.4, p = 0.0007 (b, Fos/PKC-δ); t(6) = 9.8, p < 0.0001 (b, PKC-δ/Fos); t(6) = 3.1, p = 0.021 (c, total Fos); 
t(6) = 5.8, p < 0.0012 (c, in PKC-δ+); t(6) = 12.7, p < 0.0001 (c, in PKC-δ–); t(6) = 8.9, p < 0.0001 (c, Fos/PKC-δ); t(6) = 11.5, p < 0.0001 
(c, PKC-δ/Fos); t(6) = 1.5, p = 0.20 (d, total Fos); t(6) = 3.9, p < 0.0076 (d, in PKC-δ+); t(6) = 4.4, p = 0.0045 (d, in PKC-δ–); t(6) = 3.4, p 
= 0.0014 (d, Fos/PKC-δ); t(6) = 12.5, p < 0.0001 (d, PKC-δ/Fos). * p < 0.05, ** p < 0.01, *** p < 0.001. 
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Supplementary Figure 3 
Taste sensitivity, drinking and mounting behaviors 
a-b, Taste sensitivity is not affected by hM4Di-DREADDs silencing of CEl PKC-δ+ neurons. Mice in a lickometer with two bottles (a): 
one contains water and the other contains quinine solution (see concentrations in (b)). Bitter preference was defined by the number of 
licks of quinine solution divided by the total number of licks on both bottles. Mice were water-deprived for 24 hours and injected with 
CNO (5 mg/kg) 20 min before the drinking test. n = 7 mice expressing control protein and n = 5 mice expressing hM4Di. Two-way 
ANOVA, F(1, 35) = 0.051, p = 0.82. c-g, Photo-stimulation of mice expressing ChR2 in CEl PKC-δ+ neurons reduces the number of
licks (binned in 2 min) in the first few min of the drinking test (c) in 24 h water deprived mice. 5 Hz, 10 ms 473 nm laser pulse. Two-way 
ANOVA (F(1, 130) = 4.67, p = 0.033)) with post-hoc Bonferroni t-test indicated a significant difference between animals expressing with
ChR2 and controls expressing hrGFP. Total number of licks during the 20 min test is not significantly reduced (d). Total amount of 
water intake is reduced in animals with photostimulation (e). Cumulative licks (f) and cumulative licks normalized to total licks (g) during 
the test. n = 8 mice expressing control protein hrGFP and n = 7 mice expressing ChR2. Unpaired t-test, t(13) = 1.13, p = 0.28 (d); t(13) 
= 2.42, p = 0.031 (e). h. Feeding inhibition by photo activation of CEl PKC-δ+ neurons is not rescued when drinking water is available. n 
= 5 animals in each group. One-way ANOVA (F(2, 14) = 99.5, p < 0.0001) with post-hoc Bonferroni t-test. i. Mounting towards a female 
intruder mouse (red dashed outline) was not obviously affected by photostimulation of the male mice expressing ChR2 (yellow dashed 
outline). Right, latency to stop mounting in response to control light (571 nm) or 473 nm light stimulation. 10 sec 5 Hz, 10 ms light
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pulses were triggered 1-2 seconds after mounting was started. n = 10 (control) and 8 (activation) trial events from 3 animals. Unpaired
t-test, t(16) = 0.429, p = 0.67. Box plots (d, e, i) show mean (+), median, quartiles (boxes), and range (whiskers). Values in (b, c, h) are 
means ± s.e.m.. n.s., not significant; * p < 0.05, *** p < 0.001. 
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Supplementary Figure 4 
Freezing, place preference and conditioned taste aversion of activating CEl PKC-δ+ neurons 
a-b. The level of freezing  (a) and automatically scored  motion index (b) are not significantly affected by light activation. 473 nm, 5 Hz,
10 ms laser pulses were delivered for 1 min. n = 18 stimulation events from 11 animals. Unpaired t-test, t(34) = 1.21, p = 0.24 (a); t(34) 
= 0.342, p = 0.73 (b). c-e. Place preference is not affected by photo activating CEl PKC-δ+ neurons in the 3-chamber place preference 
assay. Mice received light stimulation (20 min of 473 nm, 5 Hz, 10 ms light pulses) either in chamber A or chamber B (c). Percent of 
time that the mice spent in each chamber on day 1 pre-test (d) or day 4 post-test (e) following training on days 2 and 3 is not affected. 
hrGFP, n = 8 animals, ChR2, n = 10 animals. Two-way ANOVA, F(1, 48) = 0.005, p = 0.98 (d); F(1, 48) = 0, p = 1.0 (e). f, Three groups 
of 24 h fasted mice were fed with novel tasting food pellets for 20 min on day 1. Group A mice (gray) expressing control protein 
(mCherry) and group B mice (red) expressing the activating DREADD hM3Dq-mCherry in their CEl PKC-δ+ neurons were 
intraperitoneal injected with CNO (2 mg/kg) after feeding; positive control group C mice (blue) expressing hrGFP in CEl PKC-δ+
neurons were intraperitoneal injected with LiCl (150 mg/kg) after feeding. All mice were then put back into their home cage with access 
to food for 24 h, and then food was deprived on day 2. Feeding was tested again on day 3 and day 7 without CNO injection. hM3Dq 
pharmacogenetic activation of CEl PKC-δ+ neurons inhibits food intake (day 9, CNO, 2 mg/kg injected 20 min before test), consistent
with the results of optogenetic activation (Fig. 4b). Positive control mice (blue) show a strong reduction in food intake on day 3. Food 
intake on day 3 (test) is not decreased in mice expressing hM3Dq (red), indicating that no conditioned taste aversion has occurred. 
Increased feeding in these mice compared with control mice expressing mCherry (gray) may reflect the slow wash-out kinetics of CNO, 
resulting in decreased feeding during the 24 h ad libitum feeding recovery period on day 2.  Consequently, on the test day (day 3),
these mice may be hungrier than mCherry expressing mice, resulting in increased feeding. n = 6 animals in each group. Two-way 
ANOVA (F(2, 15) = 13.5, p = 0.0004) with post-hoc Bonferroni t-test (tests on day 1 and day 3); Two-way ANOVA (F(1, 10) = 9.76, p =
0.011) with post-hoc Bonferroni t-test (tests on day 7 and day 9). Values are means ± s.e.m.. * p < 0.05, ** p < 0.01, *** p < 0.001. 
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Supplementary Figure 5 
Monosynaptic upstream inputs of CEl PKC-δ+ neurons revealed by Rabies tracing 
a. Dense labeling of monosynaptic inputs to CEl PKC-δ+ neurons (GFP expressing neurons) were observed in several ipisilateral brain 
regions as illustrated in the diagrams. bar, 400 μm. Arrows point to high-magnification images of the corresponding regions. b. Table 
showing quantification of the number of GFP labeled neurons in each of these brain regions. Note that sparse labelling was also
observed in several other brain regions (such as contralateral insula) that are not included here. Pir, piriform cortex; PLCo, 
posterolateral cortical amygdaloid area; PVT, paraventricular thalamic nucleus; Ent, Entorhinal cortex; CA1, field CA1 of the
hippocampus; PoT, posterior thalamic nucleus group. n = 3 - 6 sections. Values are means ± s.e.m. 
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Supplementary Figure 6 
Upstream inputs of CEl PKC-δ+ neurons that are activated by CCK and LiCl 
a. Diagrams illustrate alternative pathways for convergent activation of CEl PKC-δ+ neurons by anorexigenic agents. Red circles 
indicate first-order pre-synaptic inputs to PKC-δ+ neurons. b-d. Ratio of observed number of overlapping neurons (GFP+ and c-Fos+) 
divided by the number of c-Fos neurons predicted by random chance (calibrated by the number of c-Fos+ neurons and GFP+ neurons 
divided by the total number of neurons in the nucleus). A ratio value larger than 1 means the overlapping is higher than random 
overlapping caused by increased number of c-Fos+ and GFP+ neurons. n = 6 sections from two injection experiments in each group. 
Unpaired t-test. t(10) = 3.37, p = 0.0056 ((d) saline vs CCK), t(10) = 2.57, p = 0.028 ((d) saline vs LiCl), t(10) = 4.14, p = 0.0014 ((e) 
saline vs CCK), t(10) = 3.14, p = 0.011 ((e) saline vs LiCl), t(10) = 1.08, p = 0.30 ((f) saline vs CCK), t(10) = 2.66, p = 0.024 ((f) saline 
vs CCK). Values are means ± s.e.m.. e-g. Monosynaptic rabies-traced (GFP labeled neurons) and c-Fos expressing neurons in LPB
(a), BLA (b), and insula (c), in mice intraperitoneal injected with saline, CCK, or LiCl. 
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Supplementary Figure 7 
Upstream inputs to CEl PKC-δ+ neurons that are activated by bitter tastant 
a-o. c-Fos expression and quantification in LPB (a-e), BLA (f-j), and insula (k-o) in animals that received oral infusion of water, quinine 
solution, or sucrose solution 1-1.5 hrs prior to sacrifice . The ratio (d, i, n) indicates the observed number of double-labeled cells relative 
to the predicted number based on random overlap, and is calculated by dividing the actual counted number of overlapping neurons
(GFP+ and c-Fos+) by the number of c-Fos neurons predicted by random chance (calibrated by the number of c-Fos+ neurons and 
GFP+ neurons divided by the total number of neurons in the nucleus). Values are means ± s.e.m.. For (b-d) n = 5 (H2O), 8 (quinine), 6 
(sucrose) sections from two injection experiments in each group. One-way ANOVA (F(2, 16) = 15.8, p = 0.0002 (b); F(2, 16) = 8.99, p = 
0.0024 (c); F(2, 16) = 3.64, p = 0.049 (d)) with post-hoc Bonferroni t-test. For (g-i) n = 8 (H2O), 8 (quinine), 5 (sucrose) sections from 
two injection experiments in each group. One-way ANOVA (F(2, 18) = 16.1, p < 0.0001 (g); F(2, 18) = 26.9, p < 0.0001 (h); F(2, 18) = 
3.90, p = 0.0011 (i)) with post-hoc Bonferroni t-test. For (l-m) n = 6 (H2O), 5 (quinine), 6 (sucrose) sections from two injection 
experiments in each group. One-way ANOVA (F(2, 14) = 49.9, p < 0.0001 (l); F(2, 14) = 10.9, p = 0.0014 (m); F(2, 14) = 10.9, p = 
0.045 (n)) with post-hoc Bonferroni t-test. n.s., not significant, * p< 0.05, ** p < 0.01, *** p < 0.001. 
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Supplementary Figure 8 
Monosynaptic inputs and outputs of CEl PKC-δ+ neurons 
a. Fluorescent images of anti-PKC-δ antibody staining  and tdTomato expression after crossing PKC-δ-Cre transgenic mice with AI14 
Cre-reporter mice (Allen Institute). The quantification of overlapping (tdTomato/PKC-δ, 0.99 ± 0.45, PKC-δ/tdTomato, 0.97 ± 1.1, means 
± s.e.m.) suggests that tdTomator expression can be used to identify PKC-δ expression reliably. b. Fluorescence of tdTomato is used
to prospectively identify PKC-δ+ (arrow) or PKC-δ– (arrowhead) neurons in live brain slices for recording. c. Fluorescent nerve terminals 
in acute amygdala slices derived from ChR2-EYFP neurons in insula or LPB, infected with a non-Cre-dependent AAV. d-e. When CEl 
PKC-δ+ neurons were voltage-clamped at -70 mV, a monosynaptic excitatory postsynaptic current (EPSC) was triggered by a 2 ms 473
nm light pulse (indicated by blue dots) that activated the nerve terminals from insula (d) or LPB (e). The EPSCs  were blocked by bath 
application of 20 μM CNQX. f. Amplitude of light pulse triggered EPSCs. g. Latency of EPSCs following initiation of the light pulse. n = 
16 PKC-δ+ neurons from 3 animals expressing ChR2-EYFP in IC, n = 15 neurons from 2 animals expressing ChR2-EYFP in LPB. Box 
plots show mean (+), median, quartiles (box), and range (whisker). h. Strong fluorescent terminals from CEl PKC-δ+ neurons 
expressing ChR2-EYFP were observed in CEA, BNST, and LPB. i. Whole-cell patch clamp recordings in CEA PKC-δ– neurons reveal a 
large inhibitory postsynaptic current (IPSC) in response to light pulse stimulation of PKC-δ+ neurons (blue dots), while neurons in CEm 
have small IPSCs. j. Ventral BNST contains mixed neurons that show large IPSCs or small IPSCs in response to optogenetic
stimulation of ChR2-expressing terminals projecting from PKC-δ+ neurons in CEl. k-l. Amplitude and latency of IPSCs in CEl and CEm. 
n = 5 neurons in CEl, n = 6 neurons in CEm. m-n. Amplitude and latency of large and small IPSCs in vBNST. n = 4 neurons for both
large and small IPSC. Box plots show mean (+), median, quartiles, and range. Note: 1 out of 6 neurons tested in LPB showed a small 
IPSC (< 10 pA) in response to a light pulse, 5 out of 6 neurons showed no response. aco, anterior commissure; CEm, medial part of
central amygdala; scp, superior cerebral peduncle; MPB, medial parabrachial nucleus. 
Nature Neuroscience: doi:10.1038/nn.3767
 
Supplementary Figure 9 
Cre-out eNpHR3.0 expression and quantitative relationship of expression to food intake 
a. Representative histology of Cre-out eNpHR3.0-EYFP expression in PKC-δ-Cre mice. b. The reduction in food intake caused by 
optogenetic inhibition of CEA PKC-δ– neurons is positively correlated with the level of eNpHR3.0 expression in CEl as measured by
EYFP fluorescence intensity. Pearson correlation test, Pearson r = -0.71, p = 0.032. Food intake change was calculated as (Food
intake (silencing) - Food intake (control))/Food intake (control) x 100. The intensity of EYFP fluorescence was measured using ImageJ
(NIH). Note: (a) indicates that there are always a few neurons in BLA and CEm expressing eNpHR3.0, even when a relatively small
volume of virus is injected (50-100 nl) to restrict infection to CEl.  These small volumes will result in fewer CEl neurons expressing
eNpHR3.0, perhaps explaining why the level of feeding inhibition (b) is not as strong as that observed by activation of PKC-δ+ neurons 
(where larger volumes of virus can be used because of the specificity afforded by Cre recombination in PKC-δ+ neurons; Fig. 4b). 
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Supplementary Figure 10 
Activation of Tac2 or CRF neurons in CEl does not inhibit feeding 
a-b. Expression of Tac2 (a) or CRF (b) and PKC-δ (antibody staining) in CEl. The expression of Tac2 or CRF was identified by
tdTomato expression after crossing the mice with Ai14 Cre-reporter mice. c. Quantification of the percentage of Tac2, CRF, and PKC-
δ+ neurons in CEl, and their degree of overlap. n = 6 to 10 brain section from 3 animals in each group. Values are means ± s.e.m.. d-g.
Food intake during photostimulation of Tac2-Cre mice (d-e) and CRF-Cre mice expressing ChR2 (f-g). No significant change was 
observed. For (d-e), n = 5 animals expressing control protein hrGFP, n = 7 animals expressing ChR2; unpaired t-test, t(10) = 0.634, p = 
0.54 (d); t(10) = 0.304, p = 0.77 (e). For (f-g), n = 5 animals in each group; unpaired t-test, t(8) = 0.335, p = 0.75 (f); t(8) = 0.479, p = 
0.64 (g). Bar in (a) also applies to (b). Box plots show mean (+), median, quartiles, and range. 
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